ATP-dependent Ca2" transport was investigated in a rat parotid microsomal-membrane preparation enriched in endoplasmic reticulum. Ca2" uptake, in KCl medium, was rapid, linear with time up to 20 s, and unaffected by the mitochondrial inhibitors NaN3 and oligomycin. This Ca2" uptake followed MichaelisMenten kinetics, and was of high affinity (Km 38 nM) and high capacity (-30 nmol/min per mg of protein).
INTRODUCTION
Considerable effort has been focused on the maintenance of Ca2l homoeostasis in cells as well as on the signalling mechanisms involved in Ca2l-mediated hormone/neurotransmitter-elicited responses. Currently it is considered that the signal Ca2l trigger in eukaryotic cells results from inositol trisphosphate mobilization of Ca2" from a non-mitochondrial intracellular pool, believed to be the endoplasmic reticulum (Berridge, 1987) . Ca2l is sequestered into this target pool through an ATPdependent Ca2"-transport system (see, e.g., Chueh & Gill, 1986; Henne & S6ling, 1986) . Several studies indicate that basal concentrations of cytosolic Ca2" in non-excitable cells are primarily a result of the combined action of this Ca2l-transport mechanism and another ATP-dependent Ca2l transporter localized in the plasma membrane (Williamson et al., 1981; Shamoo & Ambudkar, 1984; Bayerdorffer et al., 1985; Carafoli, 1987; Enouf et al., 1987) . Consequently, a full understanding of the mechanistic nature of Ca2"-coupled responses requires detailed knowledge of both membrane Ca2l pumps as well as the inositol trisphosphate-elicited, and possibly other, Ca2l-release steps (Chueh & Gill, 1986 ).
The rat parotid gland has been widely employed in studies attempting to elucidate steps in receptor-coupled Ca2l signalling. Much of our knowledge of polyphosphoinositide metabolism and inositol-trisphosphate-induced Ca2l release results from studies with this tissue (Irvine et al., 1984; Putney et al., 1986) . Examination of Ca2+-transport mechanisms in rat parotid membranes has been relatively limited. The existence of an ATP-dependent Ca21 transporter in endoplasmic-reticulum-enriched parotid microsomal membranes has been reported by several laboratories (Selinger et al., 1970; Bonis & Rossignol, 1982; Kanagasuntheram & Teo, 1982; Immelman & S6ling, 1983) . However, the kinetic properties of this transporter have not been clearly assessed. In all studies, initial transport rates were not reported and oxalate was used during Ca2"-transport measurements. Although oxalate is useful for demonstrating high Ca2"-transport activity, it does not represent a physiological condition. In the present work, we demonstrate that parotid microsomal membranes display a very-high-affinity, high-capacity and rapidly saturating ATP-dependent Ca2"-transport mechanism which requires the movement of other ions for charge compensation.
EXPERIMENTAL Materials
Animals used in these studies were male (250 g) Wistar-strain rats purchased from Harlan/SpragueDawley. Rats were fed ad libitum and killed between 08:30 and 10:30 h. 4"CaCl2 was obtained from Amersham International. ATP (Tris salt), NaN3, oligomycin, NaVO4, dithiotbreitol, nigericin and valinomycin were from Sigma. FCCP was from Aldrich and A23187 was from Calbiochem-Behring. All other reagents utilized were the highest grade commercially available.
Briefly, finely minced glands were placed in 0.3 M-sucrose containing 0.1 mM-phenylmethanesulphonyl fluoride, 1 mM-dithiothreitol and 10 mM-Tris/HCl, pH 7.5, and homogenized with a Brinkman Polytron. The homogenate (approx. 10 %, w/v) was centrifuged at 2600 g for 15 min, and the resulting supernatant was then centrifuged at 23500 g for 20 min. The resulting pellet was discarded and the supernatant centrifuged at 41 700 g for 45 min. The resulting pellet was used as the microsomal membrane fraction and was resuspended in the sucrose buffer, frozen in liquid N2 and stored at -70°C until use. The RNA content of the membranes, measured by an assay described by Bayerdorffer et al. (1984) , was enriched about 2-fold over that in the crude parotid homogenate (290 versus 157 ,ug/mg of protein). Frozen membrane samples were thawed once in cold water on ice before use in transport studies.
ATP-dependent Ca2l transport 45Ca2" uptake into parotid microsomal-membrane vesicles was measured by rapid filtration through a Millipore filter (HA; 0.45,um pore size). Typically reaction mixtures contained 12-18 ,ug of membrane protein, 1 mM-ATP, 150 mM-KCl, 10 mM-Tris/Hepes, pH 7.5, 1 mM-magnesium gluconate and 45Ca2+ (10 /M total Ca21 unbuffered, equal to -3.3 /LM free Ca21) in a total volume of 100 ul. For kinetic experiments free Ca2+ was buffered with EGTA as described previously (Helman et al., 1986 The anion oxalate is widely used in studies with microsomal membranes to increase maximal Ca2+-loading capacity. When we tested the effect of 5 mMoxalate on the Ca2+-transport activity of parotid microsomal membranes, there was little difference in the (56.4 + 3.3 nmol/ mg of protein). Oxalate had no effect on 45Ca21 uptake measured in the absence of ATP.
Vanadate is known to inhibit ATP-dependent iontransport proteins (Pedersen & Carafoli, 1987 ATP-dependent 45Ca21 transport was decreased, however, in the presence of the relatively impermeant cation TMA+, and in a non-ionic but iso-osmotic medium, mannitol. In addition, we measured 45Ca2+ uptake in 5 mM-oxalate-containing medium (with KC1 or NaCl) at a later time (5 min), i.e. conditions similar to those used by Bonis & Rossignol (1982) and Kanagasuntheram & Teo (1982 Thereafter the initial rate of 45Ca2+ accumulation into microsomal vesicles was measured in reaction mixtures containing either 150 mM-KCl or 300 mM-mannitol, which created, respectively, a relatively positive or relatively negative intravesicular K+-diffusion potential. As shown in Table 3 , vesicles incubated with the mannitol-containing medium displayed -35 % higher ATP-dependent 45Ca2' accumulation than did vesicles incubated in the KCl-containing medium. In Expt. 2, membranes were preincubated for 60 min at 23°C with an equal volume of either 300 mM-mannitol or 300 mmKCl. Thereafter 45Ca21 transport was measured in reaction mixtures containing either 150 mM-KCl or 300 mM-mannitol respectively, resulting in a relatively positive or relatively negative intravesicular K+ diffusion potential. 45Ca2+ transport in the presence of an outwardly directed KCI gradient was more than twice that observed with an inwardly directed KCl gradient (Table 3 ). In each of the above experiments, significant ionic gradients were present during transport studies. Expt. 3 was therefore conducted in order to evaluate the effect of different K+ diffusion potentials, under conditions of equal intravesicular and extravesicular ionic strength, on 45Ca2+ transport. Vesicles were preincubated for 60 min at 23°C to create the desired intravesicular conditions before transport assays. In the presence of an outwardly directed K+ gradient (KClin/TMAClout), ATP-dependent 45Ca2+ transport was -25 % greater than that at KCI equilibrium (KClin/KCl0Ut). In the presence of an inwardly directed K+ gradient (TMAClin/KCl0Ut), 45Ca2+ uptake was decreased by -10%O from the equilibrium condition (Table 3) . Effect of proton permeability on 45Ca2" uptake
The above experiments strongly suggested that ATPdependent Ca2`transport in parotid microsomal membranes was electrogenic. Several studies have examined the involvement of protons in ATP-dependent Ca2+ transport (e.g. Niggli et al., 1982; Kraus-Freedman et al., 1982; Smallwood et al., 1983; Kemmer et al., 1987a) . Accordingly, we have examined a possible role for proton movement in the Ca2"-uptake process studied here. As shown in Table 4 , by using two different experimental designs, manipulations which might be predicted to enhance proton permeability in parotid microsomal membranes did not enhance 45Ca21 uptake. Qualitatively similar results were observed in both experiments when 45Ca2+ uptake was measured at 60 s. In Expt. 1, membranes were incubated under the indicated conditions (plus 1 mM-magnesium gluconate, 1 mM-ATP, 10 mM-Tris/Hepes, pH 7.4, and 10 gM total Ca2+) in the absence or presence of 20,uM-FCCP. An equivalent volume of ethanol served as the vehicle control. In Expt. 2, membranes were first incubated for 60 min at 23°C in an equal volume of 300 mM-KCI (plus 1 mmmagnesium gluconate, 10 mM-Tris/Hepes, pH 7.5) as described in Table 3 [HI] created by the addition of nigericin in the presence of a K+ gradient (see also Table 3 ).
DISCUSSION
These studies have considerably extended previous knowledge of the ATP-dependent Ca2+-transport mechanism found in microsomal membranes from the rat exocrine parotid gland. Several lines of evidence suggest that the transporter studied here is located in a membrane fraction derived from the endoplasmic reticulum. The membranes employed are enriched -2-fold in RNA and are separated from the other major membranous ATPdependent Ca2+-transport mechanism, that found in basolateral membranes, with the fractionation methods used . Additionally, Ca2l transport studied herein is unaffected by two mitochondrial inhibitors, NaN3 and oligomycin, and is markedly enhanced when reaction mixtures included 5 mM-oxalate. Membranes from the endoplasmic reticulum, but not those of the plasma membrane, are permeable to oxalate (Moore et al., 1975) (Ambudkar et al., 1988) or Fura (Merritt & Rink, 1987) . Thus our findings suggest that the ATP-dependent Ca2l transporter of rat parotid endoplasmic reticulum is likely to be substantially activated under basal conditions. Quite similar kinetic constants for an ATP-dependent Ca2l-transport mechanism in rough endoplasmic reticulum, and resting intracellular Ca2" concentrations, have been reported for rat pancreatic acini (Richardson & Dormer, 1984; Ochs et al., 1983) .
Unlike previous studies with parotid microsomal preparations, we have studied Ca2"-transport activity in detail without the use of oxalate, because Ca2l transport measured in oxalate media is markedly different with respect to time course and maximal accumulation. The inclustion of oxalate is clearly non-physiological, and our data suggest that oxalate modifies the effect of univalent cations on Ca2+-transport activity. Previous studies have suggested that the optimal levels of ATPdependent Ca21 transport into parotid endoplasmic reticulum observed in KCl-containing reaction mixtures were decreased by 20-50 % when NaCl was substituted for KCI (Kanagasuntheram & Teo, 1982; Bonis & Rossignol, 1982) . The potential physiological relevance of this differential effect of Na+ and K+ on the Ca2+ pump can be appreciated best by studying the events after neurotransmitter stimulation of parotid acinar cells. Neurotransmitter stimulation of acz-adrenergic and muscarinic-cholinergic receptors results in a rapid -4-5-fold increase of parotid cytosolic Ca2+ (Ambudkar et al., 1988; Merritt & Rink, 1987) . Subsequently (within milliseconds) K+ is lost from the parotid acinar cell via a Ca2+-activated K+ channel (Petersen & Maruyama, 1984) , resulting in a hyperpolarization, and Na+ enters the cell (Landis & Putney, 1979) primarily via a Na+/ K+/Cl-co-transporter (Turner et al., 1986) . The [Na+] within the cell is transiently quite high ( -80 mm, according to Landis & Putney, 1979 (Bayerdorffer et al., 1984; Kemmer et al., 1987b) . Interestingly, in membranes from these exocrine glands, SCN-is the anion least able to sustain 45Ca21 uptake. This might indicate that SCNis relatively impermeable to these membranes, or that it may have a chaotropic effect on the ATP-dependent Ca21 transporter (Kemmer et al., 1987b) .
To gain further insight into the mechanistic nature of ATP-dependent Ca21 transport in parotid microsomal membranes, we directly manipulated K+ diffusion potential with or without valinomycin. In these experiments 45Ca21 uptake was elevated in the presence of a negative K+-diffusion potential and decreased with a positive potential. These findings were consistent with the ATP-dependent Ca2+ transporter of rat parotid endoplasmic reticulum being either an electrogenic uniport in nature, requiring permeant anions to compensate for positive charges generated by the flux of Ca2+, or a Ca2+/nH+ exchange mechanism (Chiesi & Inesi, 1980; Ueno & Sekine, 1981; Niggli et al., 1982; Smallwood et al., 1983) . Accordingly, we evaluated a possible effect of proton permeability on the parotid microsomal ATP-dependent Ca21 transporter. Several lines of evidence suggest, but do not unequivocally demonstrate, that such involvement is unlikely, including: (1) the lipid-permeable organic acid acetatefailed to stimulate Ca21 transport; (2) FCCP in the presence of a lipophilic anion (NO3-) did not increase Ca21 transport; and (3) nigericin had no effect on Ca2+ transport under conditions in which it would be expected to promote K+/H+ exchange. Further studies, using a reconstituted transport system, are required to clarify the role of proton movements (Penniston, 1983) .
We are aware of only two reports which demonstrate that an endoplasmic-reticulum-derived ATP-dependent Ca2" transporter, from a non-excitable tissue, is electrogenic [Muallem et al. (1985) , rat liver; Kemmer et al. (1987b) , rat pancreas]. It remains to be established what other ion-conductance pathways are necessary for optimal unidirectional Ca2+ uptake to occur via this ATP-dependent Ca2+ transporter and maintain electrical neutrality. Definitive proof of whether this Ca2+ transporter is electrogenic or coupled to other ions in an electroneutral way remains to be established (Kemmer et al. 1987b ). However, it should now be recognized that the rapid intracellular changes in ionic composition which accompany neurotransmitter stimulation of parotid acinar cells may in part regulate the rate of Ca2' reaccumulation into the endoplasmic reticulum, not in a Na+-dependent fashion, as has been previously suggested, but rather via potential changes across this membrane.
